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A B S T R A C T
Background: An adequate closure of the appendiceal stump is vital to minimize intra-abdominal and
surgical site infections. There are various techniques for the closure of base of appendix while perform-
ing a laparoscopic appendectomy like endoloops, knotting, clips and staplers.
Objective: To compare the extracorporeal knot-tying suture with metallic endoclips in laparoscopic ap-
pendiceal stump closure in terms of complications, operative time, hospital stay and cost.
Methodology: This study was conducted as a single-blinded randomized controlled trial. Patients un-
dergoing laparoscopic appendicectomies in three tertiary care hospitals of Peshawar, i.e. Khyber Teaching
Hospital, Lady Reading Hospital and Hayatabad Medical Complex from June 1, 2013 to June 1, 2014 were
included in the study and randomized into two groups – extra-corporeal knotting group and the me-
tallic endoclip group. Data on demographics, complications, operative time, hospital stay and cost for
the two techniques were collected and analyzed. Statistics analyses were done with IBM SPSS v19 (IBM
Corp., Armonk, NY, USA). T-test was use for comparison of continuous data; Chi-square test was used
for comparison of categorical data. P < 0.05 was considered statistically signiﬁcant.
Results: A total of 68 patients were enrolled in the study and randomized into two groups:metallic endoclip
group n = 32 (47.1%), extracorporeal knot group n = 36 (52.9%). The two groups didn’t signiﬁcantly differ
in age (P = 0.9). There were no statistically signiﬁcant differences between the two groups in terms of
complication rates (P > 0.05) and hospital stay (P > 0.05). The mean operative time for the endoclip group
was shorter (mean 42.1 ± 7.4 min) as compared to the extracorporeal knot group (mean 48.3 ± 8.4 min)
(P = 0.002). The cost of endoclip group was higher (800PKR = 8.10US$) as compared to the extracorpo-
real knot group (220PKR = 2.23US$).
Conclusion: The use of metallic endoclip for appendix stump closure is safe and less time consuming
but costs higher. Because of the simplicity of the technique it’s a useful alternative to the extracorporeal
knotting especially for learners.
© 2016 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Acute appendicitis is the most common cause of intra-abdominal
surgical emergency [1] and hence appendectomy is the most
common surgical procedure performed in all the departments of
surgery globally [2,3]. It is usually the ﬁrst procedure performed by
a resident to learn surgery [4]. Laparoscopic appendectomywas ﬁrst
described 30 years ago [5]. With the advancing cutting edge tech-
nology, it has become an established surgical technique which offers
less pain, faster recovery and earlier return to life and work [6–8].
The laparoscopic technique is especially preferred in cases of di-
agnostic uncertainty, female and obese patients [4,9].
One of the most important steps in appendectomy is the ade-
quate closure of appendiceal base. While performing open
appendectomy, the stump after closurewould be buried in the cecum
with the help of a purse string suture to reduce the chances of intra-
abdominal infection. Later, it was proven that stump burial/
inversion has no signiﬁcant impact on outcomes but the technique
still is practiced by many surgeons [4]. Similar concerns exist while
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performing laparoscopic appendectomy which initially was proven
to have a higher incidence of postoperative intra-abdominal infec-
tions than the open technique [10,11]. There are various techniques
used to secure the appendix base while performing laparoscopic
appendectomy – extra-corporeal knotting, intra-corporeal knot-
ting, endo-loops, endo-staplers, metallic endo-clips and hem-o-
lok clip. These techniques have been compared inmany retrospective
and prospective studies without reaching a consensus for priori-
tizing one particular technique over the other [6,12–24], except for
a small meta-analysis by Kazemier et al. [25] which has proven an
advantage of stapling over loop ligatures in reducing the infections.
Laparoscopic procedures including laparoscopic appendecto-
my have always remained a subject of debate because of their impact
on healthcare expenditure. This along with the added cost of novel
base closure techniques have added to the overall cost of proce-
dure. That is one of the reasons that experienced surgeons prefer
intra-corporeal or extra-corporeal knotting to secure the base and
consider them safer in cases of friable and inﬂamed bases [26,27].
The novel techniques on the other hand are easier to use, save op-
erative times and have lesser learning curve issues [20,28].
Cristalli et al. [29] for the ﬁrst time described the use of metal-
lic endoclip in the closure of appendiceal base in 1991. The endoclip
is also routinely used in the ligation of cystic duct while perform-
ing a laparoscopic appendectomy and is an easier time saving
alternative to close the base of appendix [23].
Till date, no study has been done in our country to compare the
eﬃcacy of all these techniques of base closure. Our study aims at
ﬁnding any signiﬁcant difference in the closure eﬃciency of extra
corporeal knotting (Roeder’s knot) and metallic endoclips primar-
ily in terms of infection risk and other complications and secondarily
in terms of cost, operative time and hospital stay.
2. Materials and methods
This study was performed from June 1, 2013 to June 1, 2014 as
a multicenter randomized controlled trial in three hospitals of Pe-
shawar City, Khyber Teaching Hospital, Lady Reading Hospital and
Hayatabad Medical Complex. The study project was approved by
Hospital Ethical Committees of all three institutes. Informed consent
was taken from all the patients after explaining the risks and al-
ternatives of the two procedures. All patient selected to undergo
laparoscopic appendectomywere divided randomly into two groups
– extra-corporeal knotting group and the metallic endo-clip group.
Because the study was unfunded and conducted by residents and
interns themselves with no paramedical staff involvement, it was
single blinded. The residents/intern present at the time of proce-
dure would collect the data on data sheets with no blinded
investigators who could collect data and at the same time be blinded
for the type of procedure done.
A total of 68 patients were included in the study with 36 being
in Group A and 32 being in Group B. All patients were diagnosed
as having acute appendicitis on the basis of clinical criteria, ultra-
sound scan and laboratory results (Alvarado score ≥8–10). The
patients with perforation of appendix, local and diffuse peritoni-
tis, friable appendix base, evidence of pelvic inﬂammatory disease,
conversion to open procedure and possible other diagnoses were
excluded from the study. All patients were operated by certiﬁed sur-
geons inminimal access surgery withmore than ten year experience
in laparoscopic procedures.
A data sheet was designed and ﬁlled for each patient after getting
the consent. Besides demographics, it contained variables of two
intra-operative – bleeding and organ injury – and ﬁve postopera-
tive complications – postoperative ileus, intra-abdominal infection,
surgical site infection, readmission and reoperation. The data were
collected manually by the residents and interns and checked for
errors. All the data collected were fed into the IBM SPSS v19 (IBM
Corp., Armonk, NY, USA) to make a data set. Statistical analysis was
done using T-test for comparison of continuous data; Chi-square
test was used for comparison of categorical data. P < 0.05 was con-
sidered as statistically signiﬁcant.
3. Surgical technique
All the patients were given general anesthesia and the same an-
tibiotics – I/V ceftriaxone (RocephinR by Roche Laboratories) – and
the same skin preparation – povidone iodine solution 10%. Three
ports were used in all cases with one infra umbilical camera port
and two other ports – one port in hypogastrium and one port in
right side of abdomen. The abdominal cavity was ﬁrst inspected and
per operative diagnosis of inﬂamed appendix was conﬁrmed. The
base of appendix was cleared out by dissecting away the meso-
appendix. For extra-corporeal knotting group, the base of appendix
was tied with vicryl 0 (Ethicon Vicryl-*PlusR) with two knots placed
5 mm away and the appendix was cut between the two knots. The
type of knot was a Roeder’s knot with a half hitch followed by three
full rounds and ﬁnally followed by an interlocking half hitch. This
was followed by pushing the knot with the help of tight pusher until
it snugly tightened around the appendix base. For metallic endo-
clip group, threemetallic endoclips (Ethicon LigaclipsR, Titanium Clip
Cartridge – medium large or large size) were applied close to the
base, with two closer to the base, apposing each other and the third
one 5 mm away, and the appendix was amputated between the
upper two clips. The appendix was brought out by the hypogas-
tric port and saline irrigation of around 500ml to 1000ml was done.
All skin incisions were closed using 2/0 prolene suture and mepore
dressing was applied.
All patients were prescribed the same antibiotic regimen – oral
ceﬁxime (CefspanR by Glaxo Smithkline Pharmaceuticals Ltd.) – for
5 to 7 days and called for follow up on 8th to 12th postoperative
day for follow-up and stitch removal. The antibiotics regimens chosen
were based on the institutional routine.
4. Results
In this study, there were 68 patients, those were divided into two
groups; extra-corporeal knotting group had 36 subjects (52.9%) and
metallic endo-clip group had 32 subjects (47.1%). The mean age of
patients in extra-corporeal knotting group was 24 ± 7.78 years and
in endo-clip group, 23.0 ± 7.30 years. There was no statistically sig-
niﬁcant age difference (P = 0.9) but both groups had signiﬁcant sex
difference (P = 0.008) between the two groups (Table 1).
The intraoperative and postoperative complications in both groups
were not statistically different. Two patients in the endo-clip group
had developed bleeding complication against one patient in the knot-
ting group. This same patient later developed an abscess and was
readmitted and re-operated to drain the abscess. The postopera-
tive course was complicated by ileus and wound infection. Notable
among others is the superﬁcial surgical site infections, which was
similar in the two groups (Table 2).
Table 1
Demographics, cost, operative times and hospital stays.
Variables (Mean ± SD) Extra-corporeal
knotting group
n = 36 (52.9%)
Metallic endo-clip
group n = 32
(47.1%)
P value
Age 24 ± 7.78 23.9 ± 7.30 0.9
Gender 25/11 12/20 0.008
Cost (PKRa) 220 800 -
Operative time (minutes) 48.3 ± 8.45 42.1 ± 7.40 0.002
Hospital stay (hours) 21.6 ± 13.6 29.0 ± 29.5 0.17
a 98.75PKR = 1US$.
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The cost of the metallic endoclip was higher as compared to the
extracorporeal knotting. The mean operative time for metallic
endoclip groupwas 42.1 ± 8.45minutes and for extra-corporeal knot-
ting group, 48.3 ± 7.40 minutes. Thus, the procedure times were
signiﬁcantly lower for the endoclipping than the knotting (P = 0.002).
The hospital-stay in hours for both the groups was the same (p value
0.17), so hospital stay was not signiﬁcant (Table 1).
5. Discussion
Laparoscopic procedures have become well established in many
surgeries and appendectomy is no exception. Advantages of lapa-
roscopic appendectomy over open appendectomy are clear;
superiority in cases of diagnostic uncertainty and obesity, better vi-
sualization of peritoneal cavity, less pain, faster recovery and better
cosmetic results are a few important ones. But at the same, it is as-
sociated with longer operative time, expensive instruments and the
need of technical expertise [20].
Closure of appendix base is a decisive step in the incidence of
postoperative intra-abdominal infections, fecal ﬁstulas and
surgical site infection both in cases of open and laparoscopic ap-
pendectomies. This has led careful surgeons to invert or burry
appendiceal stump into cecum after tying in cases of inﬂamed bases,
though routine inversion has not been proven to have superior
outcomes. Base closure is more important in laparoscopic appen-
dectomy; because initial experience showed laparoscopic
appendectomies to have higher incidence of inta-abdominal infec-
tions – especially in cases of perforated appendicitis – and because
of the availability of variety of techniques to close the base [10,11,26].
Based on this knowledge, the aim of our study was to ﬁnd out
the differences in twomost commonly practiced techniques – extra-
corporeal knotting and metallic endoclip – in our setup over three
important variables; complications, operative time, cost. We found
that both techniques didn’t differ signiﬁcantly in terms of intra and
postoperative complications. There were a total of 3 cases of unusual
bleeding; which in all the cases came from the dissection of me-
soappendix and adhesions and one of such case was complicated
by contusion of cecal wall with a serosal tear while dissecting away
the adhered appendix from the cecal wall. This serosal tear was
sutured by a single interrupted suture with vicryl 2/0 and a drain
was placed in the wound. Postoperatively, the drain was dry and
was taken out on 2nd day, and the patient was discharged home
on 3rd day. On 8th day, the patient came back with high fever and
was diagnosed with an intra-abdominal collection on CT scan. The
patient was readmitted put on I/V antibiotics and re-operated to
drain the abscess that was in the pre-ileal location and away from
the cecal contusion. Thorough peritoneal lavage was done with drain
placement. The drain was dry on 3rd day and was taken out. The
postoperative course was complicated by ileus and wound infec-
tion which were managed conservatively.
One other case was also complicated by intra-abdominal abscess
formation. Initial presentation was not dramatic, and it was decided
to put patients on I/V antibiotics and manage conservatively. Since
the leucocyte count didn’t come down, the patient was operated
on the 3rd day of admission with the preoperative ﬁndings of a
greenish black gangrenous tip. The base looked healthy and was
secured with metallic endoclip. The postoperative course was com-
plicated with ileus and continued fever followed by an interloop
abscess in the right iliac fossa diagnosed on ultrasound. The patient
was maintained on I/V antibiotics with uneventful resolution of
symptoms and didn’t require reoperation.
As is evident that the complication of infection in both cases was
not directly related to the knotting or clipping technique but might
have been related to dense adhesion and intense inﬂammation in
the area due to advanced disease. The other complications seen are
comparable to the other similar studies. The incidence of ileus was
2.8% in the knotting group and 6.3% in the clipping group. This was
for the most part related to the vigorous handling as mentioned
earlier to remove the adhesions resulting from intense inﬂamma-
tion and subsequent deterioration due to abscess formation. Gonenc
et al. [23] in their study have reported an incidence of 1.6% in the
clipping arm and 4.3% in the intra-corporeal knotting arm. Beldi et al.
[28] in their retrospective review have reported an ileus rate of 0.7%
with stapler closure and 0.5% with endo-loops. No ileus incidence
has been reported after extra corporeal knotting in studies done by
Di Saverio et al. [26] and Arcovedo et al. [27] Our rates seem higher
whichmight be because of the smaller sample size. The rate however
was not different signiﬁcantly when we compared the two tech-
niques. Similarly higher incidence of surgical site infection is seen
as compared to that reported by other studies [14,20,23,26–28] but
that again might be related to the smaller sample size, OR steril-
ization issues and differences in scrubbing techniques and
postoperative wound care. The number of superﬁcial infection was
not signiﬁcantly different in both arms of the trial however.
This is the ﬁrst multicenter trial comparing the extra-corporeal
knotting to metallic endo-clips in laparoscopic appendiceal stump
closure in uncomplicated acute appendicitis in three hospitals of
our city. The study was unfunded and driven by the motivation of
a few interested residents and interns. All the cases were oper-
ated by a team of six surgeons, two at each center, with fellowship
inminimal access surgery andmore than ten year experience in lapa-
roscopic procedures. This largely eliminated the bias resulting from
operator’s expertise on variables like bleeding, organ injury and op-
erative times.
Themost important limitation of our study was its single blinded
design no blinded investigators – nurses or other paramedical staff
– available due to lack of funding. The residents and interns col-
lecting the data for the study would know the arm of study to which
any subject belonged. The randomization in our study was affect-
ed to an extent by the choice of operating surgeon, and that is the
reason that there are different numbers of subjects in each armwith
signiﬁcant gender variability. But we assume that this would have
affected the two arms in a similar way. One other shortcoming in
the design is that of a small sample size. Based on the dichoto-
mous variable of infection risk and the usually chosen power of 80%,
the sample size would have been very large and study could not
have been completed even during the training years of the resi-
dents and interns. So duration of one year was chosen and all
consenting patients who ﬁtted the inclusion and exclusion crite-
ria were chosen as the sample size. This deﬁnitely lowered the power
of the study to less than 80%. The sample size was however com-
parable to other similar trials done in other countries and with
different techniques [19,20,23,26,30].
Another important thing in our study was that we compared only
the price of two materials – vicryl suture used for the extracorpo-
real knot vs. titanium endoclips – which might have created a bias
Table 2
Intra-operative and postoperative complications.
Variable (Percentage) Extra-corporeal
knotting group
n = 36 (52.9%)
Metallic
endo-clip
group n = 32
(47.1%)
P value
Intra-operative complications
Bleeding 1 (2.8%) 2 (6.3%) 0.59
Organ Injury 0 (0%) 1 (3.1%) 0.47
Postoperative complications
Postoperative ileus 1 (2.8%) 2 (6.3%) 0.59
Intra-abdominal infection 0 (0%) 2 (6.3%) 0.47
Surgical site infection 2 (5.6%) 2 (6.3%) 1
Readmission 1 (2.8%) 1 (3.1%) 1
Reoperation 0 (0%) 1 (3.1%) 0.47
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when one of the technique has signiﬁcantly shorter OR time than
the other. This we did because of the different billing system in our
setting compared to the western world. The patient pays for part
or whole of the OR stuff and medications usually and mostly have
no health insurance and third party payers. Even if there is any
insurance/third party payer the patient reimburses the bills he ini-
tially pays himself and there is no involvement of uniform coding
systems. Part of the OR stuff is provided by the government hos-
pital for a ﬁxed admission and OR fee, regardless of the type of
procedure and the time spend in OR. The type of OR stuff and medi-
cations the government provides is variable from hospital to hospital
and even within the same hospital at different points in time. The
medications that the patient buys himself also are of different brands
and have different prices depending upon the pharmacy selling it.
It was due to all these confounding factors that we chose to just
compare the cost of the suture vs. clip of a standardized brand.
Our study had a very short duration of follow-up, and there were
complications like clip slipping and clip migration whichmight have
been observed if the follow up duration was long. Clip migration is
a known complication in cholecystectomywhen the clipmigrates into
the common bile duct and has been reported but is rare [31,32]. This
fact has been alluded to by Ates et al. in their study as well [20].
Lastly, our study compares the bleeding and organ injury en-
countered during the procedures but doesn’t tell about a very
important aspect inﬂuencing the choice of technique which is the
economy of motion. Whether clipping actually leads to economy
of motion with fewer chances of bleeding, organ injury and post-
operative ileus are unanswered questions and future directions. This
might require sophisticated video-taping comparisons and trials
between surgeons in the learning phase to evaluate this fact.
6. Conclusion
Metallic endo-clip and extra-corporeal knotting are two prom-
ising techniques to secure the appendix stump in laparoscopic
appendectomy with similar complication rates. Metallic endo-clip
costs higher than extra-corporeal knotting but has shorter opera-
tive times. Because of the simplicity of techniques, we recommend
conﬁdent using of the endo-clip especially by surgeons learning lapa-
roscopic procedures. However, more experienced surgeons in poor
economic setups and surgeons trying to reﬁne their technical skills
should opt for extra-corporeal knotting.
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